Introduction
As a means of expression and schematic representation of processes and influences effective in plant physiology, investigators from time to time have sought the best modes of presentation in accord with advance of knowledge through further facts. The present work is an attempt to evaluate our present modes of expression in the field of solvent and solute movement into plants and to consider further factors possibly involved in the flux.
Throughout this discussion reference i-s made to the general relationship between the specific free energies and the partial molal free energies. This relationship is employed as before (2, 3, 4, 5) viz.,
-F =+p-P= ' (1 where F for either component in solution is the specific free energy in liter atmospheres per liter of the constituent component translocated; (f-fo) is the partial molal free energy -difference in solution, in ergs; k is the conversion factor from ergs to liter atmospheres; V is the partial molal volume of # constituent component in solution, in liters; and p -po is the pressure difference necessary to make 1 equal f1, in atmospheres. As before, the net influx specific free energy for either the solute or solvent component between two phases, is expressed by NIF-I1F --EF.
In words, the net influx specific free energy is equal to the differencebetween the sums of the energy intensities of those influences causing an influx tendency and those causing tendency toward efflux. For any particular influence, ±k (f. -fi) (fe-fi)= RTIn (4) ai in which ae is the ratio of the effective molal compositions or activities of ai the constituent component whose escaping tendency is being considered. Further, diffusion pressures (in the restricted sense) of either component between solutions of a two-phased system may be expressed by P = AF = kl, (C. -Ci), (5) in which P is the diffusion pressure, in atmospheres; kb is a characteristic coefficient (5); and Q,e-Ci is the concentration difference of the component whose escaping tendency is in question, expressed in grams per liter of solution.
Where movement of the solvent component (water) is considered, another relationship for the specific free energy difference is applicable, where the solute concentrations in solution are sufficiently dilute, namely (Fs. -Fsi), = -RT [(kI, x c,) -(kIc x c2)i], (6) in which subscripts 1 and 2 refer to solvent and solute respectively; k, is the van't Hoff coefficient; and c2 is the molar concentration of the solute species in solution.
Discussion of modes of expression In earlier articles, various terminologies have been used as means of expressing the factors concerned in solute and water movement (2, 3, 4, 5, 6, 10, 14, 16, 20, 24) . References 2, 3, 4, and 5 should be consulted in particular. In general, investigators have had the same viewpoint and have merely expressed themselves in different terms. Each of these modes of expression has been useful as defined. Certain limitations appear in each case, and it is the purpose here to discuss the possible advantages and disadvantages of the proposed modes of expression.
There are certain advantages and limitations to the use of the terms specific (volumed) free energies (energy intensities) and net influx specific (volumed) free energy (net influx energy intensity) in particular. They may be favored because they express the tendencies for movement of a constituent component in solution in terms of the free energy concept. They have essentially the advantages possessed by the use of partial molal free energies. Therefore, these usages are sound energetically. Further, these tendencies for movement are expressed in dimensions quantitatively equivalent to ones which are practically measurable, namely pressures.
Some investigators have suggested possible confusion between two uses (massed and volumed) of specific free energy (23) . The use of the alternate (parenthetic) phrase for the latter, is suggested by these authors, which if wise, involves merely an inversion of the phrases, specific (volumed) free energy and action capacity in the definition stated earlier (2, 3, 4, including supplementary statements in 4, pp. 163-164). However, the word energy should be substituted for action, and intensity (18, p. 13) for capacity, for dimensional accuracy. In all of these studies, the energy intensities are flux intensities. For the comparative use of free energy in contrast with entropy, or potential, see 13, pp. 83-84; compare 12 and 18 also.
Escaping tendencies or tendencies for movement of matter are fundamentally expressed as molal (or partial molal) free energy differences (the actual free energy related to that in a standard or reference state), an intensive quantity derived from the extensive (18, p. 13) property of the molecular species in question by limiting the energy difference to that statistical mean value associated with the number of molecules in one mole of a constituent component (a constant = 6.06 x 1023) of a system under the existing conditions. These theoretically measurable energy intensities are often expressed in extensive dimensions of energy, viz., mL2t-2 (for example, in erg units) with the limitation that the free energy difference is restricted to that of a mole of substance, thus strictly intensiVe. Other intensive useful work term usages may be employed in place of the molal or partial molal free energy difference, namely a free energy limited to a unit mass or volume, yielding energy intensity values designated as specific (massed or volumed) free energies. These are expressed in dimensions of either energy per unit mass mL2t-2, e.g., ergs per gram; or energy per unit volume mL-1t-2, e.g., liter atmospheres per liter or atmosphere units. Use of the latter dimension is preferred by some, since it is quantitatively equivalent, to (though qualitatively not identical with) that of a pressure which usually can be measured by physical means at the disposal of the investigator (1, pp. 156-157; 18, pp. 204-205, [235] [236] [242] [243] [244] . This volumed free energy is thus a practical expression while the molal (or partial molal) and massed free energies as such are of limited practical value.
The ambiguity between a pressure concept and flux intensity, which concept is probably untenable, may be resolved as follows: The volumed specific free energies are dimensionally equivalent to pressures, m/Lt2, and are often so computed, e.g., as proportional to RT/V where the proportionality coefficient may be the ratio of the relative vapor pressures or solution compositions, or as derived from lowerings of the freezing point or raisings of the boiling point; or are so measured, e.g., as the pressure difference necessary to make the partial molal free energy of a constituent component in a two-phased solution system in the given state f, equal to its partial molal free energy in a reference state f0. Hydrostatic or turgor pressure is one, and the only, physical manifestation equivalent to such an energy intensity in aqueous solution systems. Typical units for flux intensity are liter atmospheres per liter of constituent migration, or resultant atmosphere units. However, the volumed specific free energies are not pressures. (Compare definitions of osmotic pressure and their relation to energy intensities.) In other words, flux intensities are not forces per unit area, but rather are forces concerned with the ordered movement of a unit volume of a constituent component of solution through a unit of distance. Volumed specific free energies are dimensionally analyzed as follows (4, x-x-=but Lt tn L3/n t' 1 La t2 L2 The conversion of the free energy relations between dimensions of energy per unit volume and energy per mole is simply accomplished, by application of a coefficient, viz., the reciprocal of the partial molal volume of a constituent component in solution, and possible change of algebraic sign. In order to obviate the awkward mathematical property of the difference in molal (or partial molal) free energy approaching minus infinities under certain circumstances, the algebraic sign of the specific free energy may be changed, where it is desirable for certain means of discussion.
A
The scheme is useful, by direct analogy, for discussion of the tendencies for movement of either solvent (osmotic specific free energies) or solute (solute specific free energies) through a two-phased solution system. The grouping of the tendencies for movement into categories of influx, efflux, and net influx specific free energies as in equation 2 , is useful in graphically representing the changes in escaping tendency of water with changes of internal volume of an osmometer (a two-phased solution system with a semi-permeable membrane interposed).
Two limitations exist: First, the partial molal volume of a constituent component is not constant, being approximately so only where sufficiently dilute solutions are involved. However, this is objectionable only for purposes of conversion from dimensions of energy per unit volume to energy per mole. Moreover, the variation is not appreciable within the solute composition limits of solutions generally encountered in biological systems.
Second, in estimating the rates of net flux, the flux coefficient kO (5) is variable with change in composition of the solutions in the two phases.
Evaluation of this coefficient, for any particular case, must be derived by computation from direct measurements. Compare discussion of this flux coefficient with that of the related diffusion coefficient (5) .
As with specific free energies, there may appear to be certain advantages or disadvantages to the use of the terms diffusion pressure (5, 26) or diffusion pressure deficit (20) in the sense of FICK (12) . Flux of materials in all natural systems, involves diffusion in part, this tendency being a func-tion of the relative concentrations of the constituent whose migration is in question. The terimi diffusion has a restricted meaning in older usage (4, pp. 163-164) related to a difference in concentration of a constituent component in solution. In reality, other factors are involved also, e.g., temperature, pressure and galvanic differences; and physico-chemical movements of materials may often be in a direction contrary to such concentration differences alone. Substitution of the term flux for diffusion could obviate this possible disadvantage.
Where limited to diffusion phenomena in the restricted sense of Fick, the net flux intensity for either water or solute is a function of the relative compositions of the solutions in the two phases concerned. Where specific free energies are considered, the term composition here implies the effective molal composition (molal activity), and the term relative implies the logarithm of the ratio of these compositions (5, equations 4 and 29). Where diffusion pressures are considered, the term composition implies the concentration expressed in grams per liter of solution, and the term relative, implies the difference of these concentrations (5, equations 7 and 30). The diffusion pressure mode of expression is easily visualized through possible analogy to movements of gases; for water in dilute solutions, it bears a formal relationship in computation, to the gas law (equation 6). The molecular kinetic viewpoint is discussed later.
With sufficiently dilute solutions, where water movements are especially of interest, the energy intensity of water translation is indirectly equated in part to concentration differences of the solute in solution, viz., (Fs. Osmotic pressure, equal to but not identical with, the net diffusion pressure of solvent, has been defined as p -p0 (3, p. 5; 2, pp. 67-68) between a solution phase of an osmotic system with relation to water in the other.
MEYER (20, pp. 151-152) has defined the term osmotic pressure, in a derived manner, as a property of a solution. Such a usage has much to be said in its favor, especially where the (p -po) difference may be expressed as equal to the net diffusion pressure of water. The former, physico-chemical definition however is preferable (26) . EYSTER (14) has suggested use of the terms osmotic pressure and osmotic pressure deficit for certain purposes. Where based on the usual definition of OP, the terms are useful for discussion of the tendency for movement of the solvent component only. The (20) . One circumstance which might be considered in favor of certain older usages, e.g., suction force or pressure or tension, waterabsorbing capacity; or osmotic pressure, osmotic value, et cetera, is historic precedence. Except where possible confusion may enter in, continued use of early ternminology has much to be said in its favor. Common expression makes for ready comparison of the work of various investigators. However, the use of the term osmotic value, for example, is less expressive than others proposed; compare osmotic solute specific free energy (osmotic solute energy intensity) (3). This term is used better,.in a general sense; all osmotic quantities are osmotic values.
The recent schematic representation of osmotic factors with volume of the inner phase by BURSTR6M (9, compare 6) allows less ready summation of the scalars of influences causing water to tend to move in similar directions (inward or outward). His redefinition of turgor pressure, as a factor unrelated in magnitude (except at water equilibrium) with wall pressure, is quite fascinating. Burstr6m suggests T = 0 -E and 0 = S + W as two independent definitions, where T is the turgor pressure, 0 is the osmotic value of the cell sap, E is the osmotic value (or suction) of the external medium, W is the wall pressure, and S is the suction of the entire cell. The value O-E is the net flux intensity (net osmotic flux specific free energy) as modified only by the presence of solute in either or both of the solutions of a two-phased system. The value 0-E is an energy intensity difference, the effect of which, through net movement of water from the external to the internal phase, may lead to the realization of a progressively increasing internal hydrostatic solution pressure (turgor pressure, in the usual sense) and concomitant energy intensity until a steady state of dynamic equilibrium for water movement is attained, where, other osmotic factors being ineffective, 0 -E = T. A positive difference between the sums of the energy intensities of those influences causing an influx tendency and those causing tendency toward efflux (equation 2) is the ultimate cause of any realized expansion, however, mediated through net flux of water into the ideal osmometer; the immediate cause is the positive pressure difference between the internal hydrostatic pressure (turgor pressure in the usual sense) and the external pressure. During disequilibrium this pressure difference may be assumed to differ only infinitesimally at each moment (18, pp. 53-54). The extent of enlargement concerns the process path and is thus determined in part by the elasticity and plasticity of the limiting boundary (8) . The internal hydrostatic pressure is the force normal to unit area of the boundary of the internal phase. It is equal to the wall pressure where the latter is defined as the reaction to the turgor pressure (usual sense) as would be required by Newton's third law of motion. The external pressure is equal to the sum of a pressure equivalent to a force per unit area resulting from tangential stress within the boundary (boundary equivalent pressure or intrinsic external pressure) and any other possible pressure thereon of external origin (extrinsic external pressure). The stress within the boundary is a function of the elastic and plastic properties of the boundary and its strain already present. The boundary equivalent pressure is difficult to evaluate. However, since the internal hydrostatic pressure at any instant differs only infinitesimally from the external pressure, the former is generally used as a measure of the latter. The external pressure, especially in the absence of components of strictly external origin, may be conceived (though possibly less appropriately) to be a wall pressure (6) , but dissimilar, here, to the restricted usage as defined above. The restricted usage is possibly preferable in order to avoid ambiguity. Converse causes and effects are applicable for volume contraction.
With natural systems, the various thermodynamic functions (E, F, H, etc., 18) are all concerned. They may be evaluated as energy intensities and algebraically treated in single equational form (equation 2) without regard to their nature, for convenience. Their use depends only on the initial and final states of the system, and thus they may or may not have work significance. Work expressions generally concern the initial and final states of the system and the process path.
In general, moisture relations are of importance to the plant-soil investigator to the end that interest lies in the availability of water to the plant for its growth. Such studies involve the investigation of a two-phased osmometer system as discussed above. The soils specialist often restricts study to that on a single phase (not state), that in the soil (22, 23, 25) . For such special situations, the scheme employed for the osmotic system is not useful and even the terminology (especially the positive or negative sign of the quantities) may require modification. To avoid confusion, it would be of course better to consider tendencies for water movement from the standpoint of the two-phased system, plant-soil, in all cases.
Use of the term specific (volumed) free energies (energy intensities) where a single phase is considered relative to water as above, expresses the escaping tendencies of the constituent component water in physically measurable, energetically sound, dimensions. These can be expressed individually or as the resultant energy intensity. Specific free energy (energy intensity) deficits of soil water could be employed best, as positive quantities of synonymous flux intensity. These are a consequence of either an imbibitional (surface effect) or solute factor or both. Since a single phase relative to water is considered, these quantities have negative values; the energy intensities are antiphasically directed through a two-phased system. Although negative, they should not be visualized as tensions, because the resultant factor is an energy intensity and not strictly a force per unit area. The use of specific free energy (energy intensity) deficits (cf. 20) might obviate this disadvantage.
The terms, soil moisture tension and/or total soil moisture stress have been used. They bear historic precedence and soil moisture stress in particular appears to give an expressive character to the factors involved. The term stress suggests the application of factors (imbibition and solute) whose influences on the energy intensity of water are positively applied; yet as water flux intensities, they are negatively directed. The term tension suggests an actual negative force per unit area while the quantity is an energy intensity.
A molecular kinetic pressure interpretation has been applied to the process of osmosis for pedagogical purposes. Such an interpretation is based on the concept that a kinetic pressure is effective in movement of materials, where, from the kinetic theory of gases PV = % Ne = RT, in which P is the pressure and V is the volume of the gas; N is the number of molecules; e is the average energy of the molecules (12, pp. 82-100); and other notations are as before. This concept may give a mental picture of what would seem to be occurring in the solutions, especially at the external and internal membrane surfaces. The migration phenomena for water are thus possibly more readily understood by students of osmosis. However, no better explanation is afforded by this interpretation, based on the assumption of kinetic pressures, than that by the fundamental consideration of free energy differences across the system, provided the student comprehends the free energy concept. Moreover, the molecular kinetic interpretation which would assume all escaping tendencies to be related to real pressures in effect, is purely a theory and has not, and possibly cannot be, experimentally demonstrated for solutions. A simpler, possibly more plausible, hypothetical interpretation may be based on the assumption that solute increase, or pressure or temperature decrease, within a phase, by some means increases the inter-molecular attractions within a phase, such that the escaping tendency of water therefrom is lowered. This viewpoint, though hypothetical, would appear to be in accord with the free energy concept.
However, even this interpretation may not apply to certain idealized conditions, e.g., where intermolecular attractions between solvent molecules equal those between solvent and solute.
All energy intensities for movement are intensive free energy terms, not pressures, even though they may be so measured physically, or expressed on the volumed basis in such dimensions. Compare the dimensions of molal free energy and/or those on the massed basis, which are comparable.
Assuming for purposes of discussion that the molecular kinetic interpretation is valid, there may be certain advantages or disadvantages to a solute pressure viewpoint in discussions of osmosis. An analogy can be visualized between pressures and movement of molecules in solution, based on the van't Hoff equation pv nRT; where p is the pressure within a phase, v is the volume of the phase, and n is the number of moles of the constituent in the volume v. Such an analogy, however, may be unwarranted on current concepts in physical chemistry. The assumption that molecules act similarly in gases and in solutions is debatable. There is probably but a formal resemblance between van't Hoff's osmotic pressure equation and the equation of state of a perfect gas (12, medium of KCI, no net flux of water would occur across the interposed membrane; hydrostatic pressure (turgor pressure) being zero internally. If the cell is now transferred to a KCI solution of 0.001 molarity, water will tend to enter by osmosis. At t = 0, an imposed pressure of 4.5 atmospheres on the cell will maintain the steady state of the system, equal to a hydrostatic pressure which would tend to be established (with due correction for dilution) if no pressure were imposed, at t = 0o. It should be observed, that, at t = 0, no hydrostatic energy intensity difference exists in i, but rather, a large solute energy intensity difference (in nature, attained and possibly maintained in a living system through expenditure of metabolic energy). This latter energy intensity difference is relatively ineffective in expansion of the cell, even though very large in magnitude. Turgor is only realized on entry of water toward osmotic equilibrium with time, or imposition of a pressure to maintain the status quo. This real pressure is small (4.5 atmospheres), equal to the hydrostatic pressure on the membrane at the steady state, when t = oo. Simultaneously, the specific free energy of internal solute is correspondingly increased (except as dilution may occur), but small in magnitude relative to that already existent as a solute energy intensity difference.
The solvent pressure hypothesis seems to be more logical, especially where solute is not involved, as in examples presented above. However, where solutions are concerned, this viewpoint may appear to fail to account for the concurrent effects of the solute. Where only water is present in closed phases, with a turgor factor included, the hydrostatic pressure at t = a is equated to the inwardly directed constriction pressure of the limiting surface. Similarly, in open phases with a hydrostatic head, the hydrostatic pressure at t = 0 corresponds to a similar directionally effective pressure equated to the product of the height above the reference level, the acceleration due to gravity, and the density of the water medium. Where solutions are concerned in closed phases, the pressure in solution (generally expressed as hydrostatic pressure-but not so restricted in fact) again at t = 0, is equated to the inwardly directed constriction pressure of the limiting surface. Similarly, in open phases with a static column (t = 0), the solution pressure corresponds to a similar directionally effective pressure equated here to the product of the height above the reference level, the acceleration due to gravity, and the density of the solution medium. The density of the medium here is equal to v , where m is the mass and v is the volume per unit of solution (18, pp. 242-244) . The solute as well as the solvent is concerned in the density value. While the pressure is usually expressed as a hydrostatic pressure, it is obviously related to the solution. At the reference membrane surface the solution pressure causes both solute and solvent to tend to move independently across the surface. The translational energy intensity thus arising, is equally effective for both components of solution.
On the molecular kinetic viewpoint, the kinetic energies of both solute and solvent would be increased. The effects are independent; as solute or solvent pressures they are not additive, being an intensive property of the solution, the increased tendency for flux of each component existing simultaneously. Similar escaping tendencies could arise through temperature or mechanical pressure differences.
In summary of the molecular kinetic viewpoint in discussions of osmosis, it should be recognized, therefore, that the kinetic pressures of the solvent and the solute, though acting simultaneously and generally not equal in magnitude, are not additive but independent in transport effect. This statement relates to the energetics of flux alone, although physico-chemical influences between the two components and modification due to temperature or pressure (including hydrostatic or solution) lead to altered energy intensities of each in solution. Thus, if the kinetic viewpoint must be adopted for discussion purposes, the net tendency toward movement through a twophased solution system for water, it would seem, should be related to the resultant kinetic pressure of this component; for solute, to its resultant kinetic pressure. Finally, it may seem wiser, as stated earlier, to avoid any reference to either solute or solvent pressure as effective per se in causing tendency toward solute flux or osmotic movement of water. Rather, it should be urged that the viewpoint of independent free energies of constituent components of the system be considered. Based on free energy differences, flux of either component is rationally and completely expressed, and adequately visualized in terms of specific free energies or energy intensities of translation.
Diagrammatic representation of possible modes of migration of solutes and water in solution It is often helpful, as an aid in discussion, to have some diagrammatic scheme for reference. All detailed theories of flux cannot be expressed fully in a single diagram. Several mechanisms, especially concerned with solute migration, have been schematically represented by proponents of each. An attempt has been made (7) to present a diagram which can be used generally, for visualizing and discussing the movements of both solutes and water into cellular systems. This will be presented elsewhere.
Discussion of various factors concerned in the specific free energy relations of water and solutes in solution In earlier articles (2, 3, 4) analyses and discussions of a number of factors generally concerned with the movement of materials through a twophased solution system were presented. Those that were treated have been generally recognized as important under most conditions. Several influences were not discussed specifically, but questions often arise as to their significance in the over-all process of solvent and solute flux. These are evaluated here, where possible, in order to recognize whether they should be generally considered or whether they are of insignificant importance in systems usually dealt with. A comparative evaluation for dilute solutions is made of the effects of: differences of 1) solute concentration, 2) pressure, 3) temperature, and 4) electromotive force between two phases of an osmometer on the differences in specific free energy of a constituent component (water or solute) of the system; 5) the escaping tendency from curved surfaces; 6) influences of solutes, temperature, and pressure on surface tensions as concerned with the specific free energy of water in solutions.
SOLUTE EFFECTS
For a KCI concentration difference between two solution phases, of for example i = 0.1 molar and e = 0.001 molar, the specific free energy differences of the water and of the solute respectively, are: 0.1 x0.794
x log 0.02 0.001 x0.922 = 2.815x 10 log 86.1 = 2.815x 103x 1.935 = 5.34x 10' atm., outwardly directed. Metabolic specific free energy (inwardly directed) of accumulation is generally effective in nature, in counteracting this 'energy intensity. In the above analysis ai and ae are the activities of the solute in the two phases. The activities or effective (corrected) compositions are computed from the relations a = yc2 in which a is the activity, y is the activity coefficient, and c2 is the molal composition of the solution (18) . Here the molal compositions are assumed to approximate the molar concentrations, i.e., the densities of the solutions in i and e are assumed to approach unity. Compare LEWIS and RANDALL (18, chap. 28) on reaction equilibria, and OLSON and SIMONSON (21) on reaction rates. The latter have raised the question as to whether reaction rates in mixed electrolyte media are related to the molal activities of the reactant ions as dependent on the ionic strength. In their studies, the rates were functions rather, of the concentrations of the reactant ions. It may seem debatable as well, at this time therefore, whether the rates of flux in studies with inanimate colloidal and living systems are expressed better as a function of the concentrations or activities as usually employed (compare 11 and 19) . Although the rates of movement may be so delimited, i.e., as a function of concentration, the specific free energy as a measure of the escaping tendency, is retained here, as usually expressed, viz., proportional to the logarithm of the ratio of the activities. Such usage maintains composition per se of solutions, independent of temperature and/or pressure.
PRESSURE EFFECTS
The specific free energy differences of both solvent and solute components are modified directly by pressure differences, equal in effect to the existing differences, i.e., (FpIi-Fp e)NT= (pi-pe) (8) (FP2i-FP2e)rOM= (pi-pe) (9) These effects are concerned only where the pressure difference is between phases of a two-phased system. Changes in pressure in systems as a whole, while modifying the escaping tendency of both components in both phases, do not modify the resultant energy intensity of either component between phases. It should be noted, that while escaping tendency of a pure substance must increase with pressure, this is not true for a substance in solution, where v may be negative (18, p. 204).
TEMPERATURE EFFECTS
Two separate effects of temperature are possible: first, change of temperature of the system as a whole on the resultant energy intensity for translation of either water or solute component, and second, a difference of temperature between the two phases of the system. For two systems of similar concentration difference between phases, at two different temperatures (temperature constant between phases) the energy intensities for movement of water and solute are given by: Water: AFs1 = RT (kvcii-kvce) (6) At 250 C AFs8 = 0.0821 x 298 (1.86 x 0.1 -1.98 x 0.001) = 4.500 atm. and At 260C AFs1 t 0.0821 x 299 (1.86 x 0.1 -1.98 x 0.001) = 4.515 atm. These energy intensities are both inwardly directed. The effect of a change of one degree rise in temperature of the system, is to increase the net influx intensity by 0.015 atmospheres. Larger changes of temperature will proportionally increase the resultant migration tendency, i.e., here, by 1.5 x 102 atmospheres per degree change in temperature of the system. It may be noted that the absolute and percentage changes in energy intensity difference are rather small for the temperature range effective in nature.
Solute:
RT ai AFs= ln- The energy intensities are both outwardly directed. The effect of a change of one degree rise in temperature of the system, is to increase the net efflux intensity by 10 atmospheres. Larger changes of temperature will proportionately increase the resultant flux tendency, i.e., here, by 10 atmospheres per degree change in temperature of the system. It may be noted, that while the absolute change in energy intensity difference is large compared with that for water, the percentage increase is small and of the same order as that for the solvent.
The immediately preceding discussion has been concerned with effects of temperature change on a two-phased system as a whole. Since the free energy function is designed primarily for the study of isothermal processes, the problem of effects of differences of temperature between phases of the system cannot be solved by these functions. By other means, an approximation of the importance of these effects can be obtained. Since in natural systems, the difference in temperature between phases is probably very small, these effects may be considered of little importance for either water or solute. That they exist, has been shown by the Soret effect (12, p. ESCAPING TENDENCY FROM CURVED SURFACES Since cellular and soil particle dimensions are small, and phasal surfaces may expose minute spacial irregularities, effective surface layers in nature may often be curved rather than planar. The escaping tendency in the limiting case here is a function of the size of the phase. Thus, the specific free energy of the components (solvent and solute) of solution or in a suspension is greater, the smaller the convex radius; and less, the smaller the concave radius of the phase. Two simple examples are given. First, within a given system, water will tend to migrate from a smaller drop to a larger body; second, adsorption on a substance depends not only on the amount of surface, but also largely on the degree of curvature of the particle and especially that of small cavities in the surface. Such an increase in specific free energy of both solute and solvent components of solution is related to an increase pressure within the phase (see above) caused by increased surface tension. Such influences, which may be quite negligible under relatively macro-conditions, become important where matter in a state of fine subdivision is dealt with (13, It may be noted from the foregoing discussion, that the specific free energy of a component in solution may be modified by the state of aggregation, i.e., with relation to the radii of spheroid phases, within a system. Such is obviously not the case with plane surfaces. With the latter, change in the extent of surface only leads to a change in the total free energy of a component within a phase (13, pp. 124-125); 18, pp. 247-248).
One further point should be made relative to recognition of an effect of surface tension on the specific free energy of the solvent. In an earlier work (3), two supplementary internal hydrostatic specific free energies were recognized, viz., one termed intrinsic, the other extrinsic. The former was caused by a hydrostatic pressure inherently associated with the medium in the inner phase of the reference system, caused by restriction to expansion therein. Its effectiveness arose from a difference in osmotic specific free energy due to solute, between the two phases. It should be recognized that a part of this intrinsic energy intensity, though small and possibly insignificant in many cases, is related to the surface tension phenomena discussed above.
INFLUENCE OF SOLUTES, TEMPERATURE, AND PRESSURE ON SURFACE TENSION
With reference to the above discussion, it may be pointed out that solutes in solution modify the surface tension of the mixture (related to a solute-solvent interaction coefficient) and thus the specific free energy of the components (18, pp. 249-251) . Polar solutes generally increase while apolar substances in solution decrease the surface tension, varying within a homologous series. For purposes of penetrability discussion, arbitrary limits may be established. Thus sofre define non-electrolytes as all substances having no dissociation constants larger than 10-12; strong electrolytes. as all substances with one or more dissociation constants larger than 10-2; weak electrolytes as those substances with dissociation constants between 10-2 and 10-12. Different situations apply to the movement of substances in these first two classes, especially related to penetrability in the rate of net influx. For weak electrolytes, the situations are intermediate, approaching penetrabilities typical of either strong electrolytes or non-electrolytes, depending -on the particular conditions, within limits characteristic of the species or organism.
Solute influences on the surface tension of a mixture are small, and provided the solution is not too dilute, it varies approximately in a linear manner with the logarithm of the concentration of the added substance. Temperature and pressure also alter the surface tension (13, pp. 152-156; 18 , pp. 247-249), but again these modifications are relatively small in magnitude. 
PLANT PHYSIOLOGY

Discussion
In the latter sections of this article, information has been gathered on the influences of various factors on the net flux intensities for solvent or solute between phases of a two-phased solution system. No indication has beeq given on, nor is it possible to predict in natural systems their influences on the proportionality coefficient of flux (5), or on the permeability coefficient (a property of the interposed interface or membrane, 5). In actual cases, these factors lead to indeterminate theoretical evaluation of net rates of flux and/or energy expenditure. These can be evaluated only by experimental means.
One point further should be recognized, apart from the influences discussed above. In the over-all movement of materials with organisms, a steady state (not an equilibrium in the true sense of the term), of equal escaping tendency inward and outward for each constituent component of the system is approached with time. As the internal volume increases, other conditions being favorable, the composition of the sap of plants tends to remain relatively constant under usual conditions, through continued differential solute and water flux. Summary The escaping tendencies, or tendencies toward movement, of either solute or water between two solution phases of an osmometer should be recognized to be related to the differences of specific free energy or 
